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I 01 " 1111 ! method for three- dimensionally measuring physical properties of a 
transparent aggregate comprising: 

including a fluorescent substance that shows upconversion in an 
aggregate made of transparent solid and liquid; 

directing rays of light from respective light sources with two types of 
wavelengths to the aggregate so that the rays of light enter the aggregate 
from different directions and cross each other, 

allowing the fluorescent substance to cause point-light emission by 
upconversion at an intersection point of the rays of light; 

detecting emission characteristics of the point hght emission, and 

determining physical properties at any point inside of the aggregate 
by comparing the emission characteristics with reference characteristics. 

2 The method according to claim 1, wherein emission and persistence 
characteristics of the fluorescent substance showing upconversion depend on 
a temperature, and the temperature at any point inside of the aggregate is 
measured. 

3 The method according to claim 1, wherein emission and persistence 
characteristics of the fluorescent substance showing upconversion depend on 
a degree of crystallinity of the aggregate, and the degree of crystalhmty at 
any point inside of the aggregate is measured. 

4. A device for three dimensionally measuring physical properties at 
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anv point inside of an aggregate comprising: 

a light irradiation means comprising pulse tight sources wife two 
types of wavelengths; 

a means for directing rays of light from the respective pulse light 
sources with two types of wavelengths to an aggregat emcin<hn S * 
fluorescent substance that shows upconversion so that the rays of hght enter 
the aggregate from different directions and cross each other, 

a laser synchronizing signal control means for changing irradiation 
timing of each of the pulse hght sources; and • a ^ tm 

a means for detecting emission characteristics of point-light emission 
at an intersection point of the rays of Hght. 

(Page 2, column 2, lines 36-41) 
[0010] 

[Means for solving problem] 

To solve the above problems, the present invention can measure 
physical properties such as a temperature and the degree o crystaltimty at 
any point of a transparent aggregate in a three-dimensional manner wrthout 
any contact with the aggregate by using point-tight emissmn due to 
upconversion of two-wavelength excitation. 

(Page 3, column 4, lines 5-30) 

100201 For single wavelength excitation, when rays of light from a light 
sources enter in different directions, tight emission occurs at every pent 
throughwhichexcitationtightpropagatea. Therefore, thetigh — 
occurs from a linear region. As shown in FIG. 1, when rays of tight havmg 
two types of wavelengths 1, 2 from the respective tight sources ^enter _a 
transparent aggregate 3, only a region in winch the rays of tight wrth the 
wavelengths 1, 2 coexist, i.e., an intersection point P of the rays of tight 
contributes to tight emission by upconversion. Accordingly the tight 
emission can occur only at the intersection point of the madent rays. For 
example, when the aggregate is irradiated with two pulsed lasers havmg 
wavelengths of 670 nm and 630 nm so that the pulsed lasers cross at one 

ly upconversion) of high energy rays of tight havmg wavelengths of 450 nm 
and 480 nm can be observed. Afluorescent substance that shows 
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^conversion, such as rare-earth ions, has an emission hfethne that varies 
with temperature. Thus, the temperature at an emission point can be 
determined. 
[0021] 

[Embodiment of Invention] 

When the emission spectrum of rare-earth ions that are fluorescent 
substances showing upconversion such as TV and Tm- is observed, the 
temperature at an emission point can be determined by »™ a, 
in the emission spectrum with time and obtaining an emission hfetane that 
varies with temperature. Moreover, a structural change around the 
fluorescent substances shownrg upconversion a!s< .can be determined M 
measuring the spectrum. In addition to Tb- and Tm-, e.g ft-. Nd» , 
Sm« Eu» Dy'*, Ho^, and Er» can be used as the rare-earth ions. 
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